The prevalence of metabolic disorders varies among ethnic populations and these disorders represent a critical health care issue for elderly women. This study investigated the correlation between genetic ancestry and body composition, metabolic traits and clinical status in a sample of elderly women. Clinical, nutritional and anthropometric data were collected from 176 volunteers. Genetic ancestry was estimated using 23 ancestry-informative markers. Pearsons correlation test was used to examine the relationship between continuous variables and an independent samples t-test was used to compare the means of continuous traits within categorical variables. Overall ancestry was a combination of European (57.49%), Native American (25.78%) and African (16.73%). Significant correlations were found for European ancestry with body mass index (r = 0.165; p = 0.037) and obesity (mean difference (MD) = 5.3%; p = 0.042). African ancestry showed a significant correlation with LDL (r = 0.159, p = 0.035), VLDL (r = -0.185; p = 0.014), hypertriglyceridemia (MD = 6.4%; p = 0.003) and hyperlipidemia (MD = 4.8%; p = 0.026). Amerindian ancestry showed a significant correlation with triglyceride levels (r = 0.150; p = 0.047) and hypertriglyceridemia (MD = 4.5%; p = 0.039). These findings suggest that genetic admixture may influence the etiology of lipid metabolism-related diseases and obesity in elderly women.
Introduction
Obesity and lifestyle factors are the main contributors to an increased risk of chronic non-communicable (non-transmissible) diseases, especially type 2 diabetes (T2D), lipid disorders, hypertension and other metabolicrelated comorbidities (Sullivan et al., 2005) . Many of these conditions may ultimately lead to cardiovascular disease. In the elderly, the risk of these disorders increases progressively with age (Wilson and Kannel, 2002; Cabrera et al., 2007) . As ageing progresses, overweight increases the risk for cardiovascular disease, mostly in women with high-risk LDL and HDL cholesterol profiles (Perissinotto et al., 2002) . As the incidence of these diseases increases worldwide there is an ever greater need to study the underlying genetic factors.
Recent findings from genome-wide association studies have identified several loci associated with chronic metabolic and cardiovascular diseases. However, the allelic architecture that can explain the heritability accounting for these complex phenotypes is not well understood. Informative single nucleotide polymorphisms (SNPs) have been used to characterize the structure of the main continental populations, and the data indicate that ancestry estimates are the most important correction factors in genetic association studies, especially in studies using admixed populations such as those of Latin America (Bonilla et al., 2004a; Tsai et al., 2005; Gentil et al., 2007; Moreno Lima et al., 2007; Gentil et al., 2009; Lai et al., 2009; Ruiz-Narvaez et al., 2010) . Consequently, the clinical application of genetic risk markers may not be straightforward across different ethnic populations and may be vulnerable to spurious allelic association in genetic studies (Tsai et al., 2005) . tinct frequencies among populations of different ethnic backgrounds (Deurenberg et al., 1998; Wulan et al., 2010) . Genetic studies of admixed populations have substantially increased our knowledge of various genetic diseases through the detection and correction for population stratification (Bonilla et al., 2004a; Lai et al., 2009; Ruiz-Narvaez et al., 2010) .
Most genetic studies of metabolic phenotypes have investigated adult and middle-aged populations, with studies on elderly women being underrepresented. This group is more susceptible to chronic illnesses (Perissinotto et al., 2002; Wilson and Kannel, 2002; Cabrera et al., 2007) and is the fastest growing population group in developing countries (Nobrega et al., 2009) . The aim of the present study was therefore to investigate in a sample of elderly Brazilian women the contribution of admixture to several body composition measurements, metabolic traits and parameters of clinical status based on their correlation with genetic ancestry, estimated by ancestry-informative markers.
Subjects and Methods

Subjects
This cross-sectional study was done using data obtained from apparently healthy female outpatients from the low-income suburbs of Brasília, Brazil, who volunteered to undergo health screenings and medical, nutritional and/or pharmacological interventions as part of a larger research project entitled the Elderly Health Promotion Project (EHPP). Additional characterization of the subjects is presented elsewhere (Paula et al., 2010; Nobrega et al., 2011) . Project eligibility criteria consisted of being female, aged 60 years or older, completing the clinical course of assessment for hypertension, diabetes and dyslipidemia, and recording and informing their dietary profile. Since clinical data and laboratory results were obtained more than once, only the most recent data collected prior to any health intervention (especially blood pressure therapy) were considered. All volunteers provided written informed consent and the research protocol was approved by the Catholic University of Brasília Ethics Committee.
Data collection
Venous blood samples were collected in EDTA-containing tubes after 12 h overnight fast. Laboratory tests involved routine clinical analyses with reagents from Boehringer-Mannheim (Germany). Low-density lipoprotein (LDL) was quantified by using Friedewald's formula. During consultation, blood pressure was measured after at least a 10 min rest in a sitting position. The blood pressure value of each subject was the mean of three physician-obtained measurements recorded 3 min apart. The body mass index (BMI = weight (kg)/height2 (m2)) of each patient was calculated by measuring body weight (kg) while the subject was wearing light clothing, and the subject's height (m), without shoes, was assessed to the nearest millimeter. Obesity was defined as a BMI = 30 kg/m2. Body composition (fat and fat-free soft tissue) was measured using a dualenergy X-ray absorptiometer (DXA; Lunar DPX-IQ model, software version 4.7e, Lunar Radiation Corp., Madison, WI, USA) according to standard procedures provided by the manufacturer.
Each subject was classified based on the consensus of Brazilian Medical Societies, particularly the 5 th Brazilian Guidelines in Arterial Hypertension (Diretrizes, 2007) and the 4 th Brazilian Guidelines for Dyslipidemia and Atherosclerosis Prevention (Sposito et al., 2007) . Briefly, hypertension was defined as a systolic blood pressure ³ 130 mm Hg or a diastolic blood pressure ³ 85 mm Hg, or the current use of antihypertensive medication. Type 2 diabetes mellitus (DM) was characterized by fasting blood glucose ³ 126 mg/dL or the current use of insulin or oral anti-diabetic drugs. Glucose intolerance included DM cases and any cases with a fasting blood glucose ³ 110 mg/dL. Hypertriglyceridemia was defined as triglyceride levels ³ 150 mg/dL, and hypercholesterolemia was defined as total cholesterol ³ 200 mg/dL or LDL-cholesterol ³ 130 mg/dL. The current use of any anti-lipemic medication was considered to represent the presence of both entities. Hyperlipidemia was defined as isolated or combined hypertriglyceridemia and hypercholesterolemia, whereas dyslipidemia encompassed all cases of hyperlipidemia with or without a HDL-cholesterol < 50 mg/dL.
The study design included an estimation of fat consumption based on each subject's natural, ad libitum food intake. Dietary analysis was performed based on an average 3-day food intake (two weekdays and one weekend day) recorded by the patient at home. Clinical dietitians and assistants instructed each patient on how to record food intake by defining the size and number of each serving. The forms were returned at a clinical interview during which the amounts and qualities of food were checked for completion and missing data were collected. Diet composition was calculated using Diet-Pro ® software, version 4.0 (A.S. Sistemas, Viçosa, MG, Brazil). Software was set for all food tables and completed with Philippi's composition table for local food (Philippi, 2002) . Total lipid was expressed as the percentage of total energy. To construct categorical variables of fat consumption, intakes were classified into two groups: those with a normal lipid diet (10%-35%) and those with a hyperlipid diet (> 35%).
Marker selection and genotyping
For individual genetic ancestry estimation, we selected 23 ancestry-informative markers (AIMs) that displayed differential allele frequencies among European, African and Amerindian parental populations (Fernandez et al., 2003; Bonilla e et al., 2004b; Smith et al., 2004; Shriver et al., 2005) . Some SNPs were previously used in cross-sectional studies to correct for population structure (Gentil et al., , 2009 Moreno Lima et al., 2007) and the informativeness of these SNPs for a three hybrid population panel has been evaluated in a Brazilian population (Lins et al., 2010) . The AIMs were genotyped using a modified, single-base extension protocol, as previously described . Briefly, genomic DNA was extracted using a modified salting-out method and amplified by the polymerase chain reaction (PCR). Products were treated with Exo I/SAP enzymes and genotyping was done by single-base extension using the SNaPshot Multiplex System (Applied Biosystems, Foster City, CA), followed by capillary electrophoresis on an ABI Prism 3130XL genetic analyzer. The data were analyzed using GeneMapper software (Applied Biosystems).
Statistical analysis
Individual genetic ancestry was estimated using an algorithm based on maximum likelihood estimation (MLE) (Tsai et al., 2005) that uses allele frequencies from the parental populations (European -EUR, African -AFR and Native American -AMR). Allelic frequencies were retrieved via genomic mapping in multiple panels of unrelated ethnic samples (Fernandez et al., 2003; Bonilla et al., 2004b; Shriver et al., 2005) .
The Kolmogorov-Smirnov test was used to check for normal distribution and Pearsons correlation test was applied to each continuous variable: age, weight, height, body mass index (BMI), fat mass (FM), fat-free mass (FFM), triglycerides (TG), total lipids (TL), total lowdensity lipoprotein (LDL), very-low density lipoprotein (VLDL), high-density lipoprotein (HDL), fasting plasma glucose (GLU), systolic blood pressure (SBP), diastolic blood pressure (DBP), dietary intake of total lipids (LIP), European ancestry proportion (EUR), African ancestry proportion (AFR) and Native American, or Amerindian, ancestry proportion (AMR). Cases were labeled as positive (affected) or negative (unaffected) with regard to metabolic and clinical features, including medication status determined from medical records, to assemble categorical variables for each metabolic disorder or trait (obesity, hypertriglyceridemia, hypercholesterolemia, hyperlipidemia, dyslipidemia, glucose intolerance, type 2 diabetes, hypertension and normolipid diet). An independent samples t-test was used to compare the means of continuous traits across carriers and non-carriers of the aforementioned metabolic disorders. Linear regression analysis was used to assess possible covariance for ancestry estimates and the variable rendered as interferential was later included in a covariance analysis with Bonferroni adjustments to correct for its effects. A value of p < 0.05 was considered statistically significant for all tests. The software SPSS, version 13 (SPSS Inc., Chicago, IL) was used for statistical calculations.
Results
The Kolmogorov-Smirnov test showed that the data for all continuous traits were normally distributed. The quantitative and categorical traits of the subjects are summarized in Table 1 and Table 2 , respectively.
The allelic frequencies of the AIMs in the sample population differed from those reported for reference ancestral populations, thereby indicating the admixture struc-Genetic admixture and metabolic traits 577 (Table 3 ). The distribution of the individual ancestry estimates (IAE) comprised a wide range of ancestry proportions in a diverse three-hybrid pattern of variation (Figure 1) . The sample population displayed a genetic constitution with a marked contribution from European ancestry (57.49%) followed by Native American (25.78%) and African (16.73%) ancestries. Fewer individuals displayed a di-hybrid ancestral arrangement, e.g., EUR-AFR or EUR-AMR.
When ancestry proportions were used as continuous traits, significant results were found for the European ancestry proportion, which was positively correlated with weight (r = 0.157, p = 0.037) and BMI (r = 0.165, p = 0.028), and negatively correlated with DBP (r = -0.187, p = 0.013). For the African ancestry proportion, there was a positive significant correlation with LDL (r = 0.159, p = 0.035) and a negative correlation with VLDL (r = -0.185; p = 0.014). For the Native American ancestry 578 Lins et al. proportion, there was a positive correlation only with triglyceride levels (r = 0.150; p = 0.047). The correlation between variants other than ancestry also yielded significant associations and are shown in Table S1 (Supplementary Material).
Regarding the affected status, the mean difference (MD) of the African ancestry proportion was significantly different for hypertriglyceridemia (MD = 6.4%, p = 0.004) and hyperlipidemia (MD = 4.8% p = 0.026) (Figure 2) . The contribution of European ancestry was significantly different for obesity (MD = 5.3%, p = 0.042) and the Native American ancestry for hypertriglyceridemia (MD = 4.5%, p = 0.039). The mean differences for traits other than those previously described also yielded significant associations and are shown in Table S2 (Supplementary Material). Given that lipid-and obesity-related variables yielded a significant association with ancestry, linear regression analysis used to select these phenotypes as possible covariates for African, Native American and European associations. These analyses revealed that SBP and DBP could be included as covariates for the African ancestry proportion (SBP b coefficient = -0.319, p = 0.014 and DBP b coefficient = 0.389, p = 0.003) and for the European ancestry proportion (SBP b coefficient = 0.256, p = 0.042 and DBP b coefficient = -0.404, p = 0.002). No potential predictors were identified for the Native American ancestry.
There was no divergence in the mean difference of the African ancestry proportion in the category of hypertriglyceridemia for the corrected model with SBP and DBP as covariates. For hyperlipidemia, an increase of 0.1% occurred in the corrected model for the African ancestry proportion (MD from 4.8% to 4.9%, p = 0.034). Using blood pressures as covariates for obesity status, the mean difference of the European ancestry levels among groups increased from 5.3% (p = 0.042) to 6.5% (p = 0.011). No other association was found for covariate-corrected models.
Discussion
The present study identified significant correlations between genetic ancestry and lipid profiles and a fluctuation in the metabolic parameters in a heterogeneous and admixed group of elderly Brazilian women. Interestingly, population ancestry estimates were relatively higher for the Native American and slightly lower for the African and European ancestry proportions than those in the general Brazilian population (Lins et al., 2010) or in other elderly samples (Gentil et al., , 2009 Moreno Lima et al., Genetic admixture and metabolic traits 579 2007), however, no significant differences in standard deviations or variance were found between the present sample population and other populations from the same region (data not shown) (Lins et al., 2010 (Lins et al., , 2011 . Although selfreported ancestry is socially correlated with income in most parts of Brazil, income and education status were not assessed in the present study. Notwithstanding, total lipid intake was considered as a covariate that correlates with increased income in Brazilian women (Bonomo et al., 2003) and may represent an additional risk for cholesterol and lipid disorders. Genetic and environmental factors, such as age, diet and lifestyle are known to contribute to phenotypic traits such as those evaluated in this study. Genetic ancestry has an inherent influence on the etiology of lipid and metabolism-related diseases, as demonstrated in cases such as African ancestry associations with triglyceride, LDLcholesterol and HDL-cholesterol levels in admixed African-Americans (Deo et al., 2009) , or an inverse association in individuals with European ancestry (Basu et al., 2009 ). In the present study, increased African ancestry was significantly associated with decreased levels of triglyceride-rich serum components (TG and VLDL) and augmented levels of cholesterol-rich lipoproteins (LDL), as has been reported by others (Deo et al., 2009) . No correlation was found for HDL levels, as previously reported (Basu et al., 2009; Deo et al., 2009) . Although the effect of European ancestry observed here was modest, it was nevertheless significant; based on this finding, we suggest that European ancestry is an additional risk factor and that higher levels of African ancestry account for a more beneficial lipid profile in elderly women with admixed ethnicity.
The levels of LDL expression in African-American women are often described as being higher than those in European-American women. Conversely, increments of triglycerides in lean African-Americans are described as lower than in lean European-American women (Bower et al., 2002) . Here, African ancestry exerted a protective effect against hyperlipidemia and hypertriglyceridemia since it was correlated with higher levels of LDL and lower levels of VLDL. Therefore, in this sample population, African ancestry influenced lipid profiles, but, in contrast to previous studies (Fernandez et al., 2003; Lai et al., 2009) , was not correlated to obesity, diabetes or hypertension. This lack of association may reflect a difference in genetic stratification (Wulan et al., 2010) , and the levels and range of admixture (Lins et al., 2011) may confound results because of pronounced genetic effects on phenotype expression. For this reason, association studies should not be labeled as analyzing deterministic, causal relationships, but rather as an elucidative contribution to the pathophysiology of these complex phenotypes.
The prevalence of obesity varies significantly among ethnic groups, especially African-and European-Americans (Deurenberg et al., 1998 ). In addition, some studies have demonstrated associations between European ancestry and body composition traits in admixed populations, especially bone mineral density (BMD) (Bonilla et al., 2004b) and BMI (Basu et al., 2009) . Others have reported an association between African ancestry and BMI, FM, FFM and BMD in African-American women (Fernandez et al., 2003) . In the present admixed cohort, European ancestry was significantly correlated with BMI and with obesity, but in a previous study (Gentil et al., 2009) this association was not detected. Fat mass and fat-free mass were not correlated with any ancestry estimate, neither in the present nor in a previous study of elderly Brazilian women (Moreno . Such associations are particularly important for understanding the role of genetic ancestry in metabolic-related traits and how interacting variables modulate these phenotypes.
Although lipid intake had no effect on overall traits, we do not advocate excluding this variable in future assessments in view of possible environmental influences on the risk of obesity and metabolic syndrome (Sichieri, 2002) or heart disease (Nobrega et al., 2011) . Notably, Brazilian women display significant differences in their pattern of lipid macronutrient consumption, with a trend toward increased consumption with increased income (Bonomo et al., 2003) and a suggestive risk for heart disease (Nobrega et al., 2011) . With regard to ethnicity, in a study of the dietary pattern of a Brazilian-urban population, a correlation was identified between categories of skin color (defined by the interviewer) and dietary patterns, in which lighter skin was associated with a more varied diet (Sichieri et al., 2003) . However, this study was not income-adjusted, and categorical ethnicity groups might comprise a wide degree of admixture (Lins et al., 2011) . Consequently, other factors relating ancestry and dietary patterns to obesity and comorbidities should be investigated.
Other associations found in this study are of interest to the clinical status of elderly women. However, they are merely well-established descriptions of metabolic health risk conditions, such as the association between lipid profile, diabetes and/or hypertension, but do not represent a novel addition to our current knowledge. The supplemental tables, available as part of the online article, contain all the association tests and their significance. Although a body of evidence advocates that the overall ancestry background influences the lipid profile of individuals, the novelty of the present paper is the approach used to address this matter. The Brazilian population displays an extensive degree of admixture that it renders suitable for estimating a variety of ancestries under standardized socio-economic conditions (Lins et al., 2011) .
The relatively small sample size used may be a limitation of this study. However, the sample size was sufficiently large to significantly corroborate previous reports in other populations. This lends plausibility to the present data since the replication of positive findings is an important re-quirement for genetic studies. This scenario might help identify the relationship between ancestry backgrounds and specific phenotypes. The present study may also have been subject to other unmeasured confounders, such as the important contribution of individual interactions with environmental factors. Lifestyle behaviors in the elderly population that may be used as a covariant, such as smoking, alcohol intake, stress or depression, were not assessed here. Since this study used a cohort of elderly women, these results cannot be extended to another population strata or gender.
In conclusion, our results support the role of genetic ancestry in chronic non-communicable diseases prevalent in elderly women and suggest that caution should be taken when performing gene-based association studies in admixed populations because of the genetic heterogeneity. Our results raise the possibility of undertaking association studies based on admixture linkage disequilibrium; such studies may identify genomic loci that could explain correlations between lipid metabolic traits and ancestry.
